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This text is a short summary of the work on pedagogical analysis carried out when EML (Educational 
Modelling Language) was being developed. Because we address pedagogical meta-models the 
consequence is that I must justify the underlying pedagogical models it describes. I have included a 
(far from complete) list with literature used in the pedagogical analysis. I am sorry for its length, but 
for every pedagogical meta-model it is crucial to define the space of models where it is ‘meta’ to.
As an aid to comprehension, I will use UML diagrams to express static and dynamic relationships 
when appropriate. All diagrams are drawn from a conceptual perspective and not from an 
implementation perspective.
This paper is provided as input for the IMS Learning Design group.
Please mail comments, questions and any other reactions to: rob.koper@ou.nl
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1. Introduction
The title of this article could have been: where is the learning in e-learning? The promise of 
e-learning, and the enabling learning technologies, is to make learning experiences in all 
types of settings more effective, efficient, attractive and accessible to the learners. In 
e-learning the Internet is used as the core medium for the delivery of information and the 
support of communication. Most people also think that the Internet, itself, as the key factor 
in the success of e-learning. However, a vast amount of research provides evidence for the 
proposition that it is not the medium (Internet), itself, which is accountable for the 
accomplishment of these promises, but the pedagogical design used in conjunction with the 
features of the medium (I refer to the classical medium discussions started by Clark, 1983, 
1986, 1990, 1999). The message is that we should concentrate on the quality of the 
pedagogical design and its relationship to the possibilities of the Internet if we want to 
accomplish the promises of e-learning. 
Another common belief is that learning is the same as knowledge transfer. The idea which 
comes with it, is that it is enough to make knowledge available to learners according to 
some pedagogical structure. However, providing adequate knowledge is not enough: it has 
to be learned. It is this learning process that is the process we are putting at the center 
when we discuss instructional design or learning design, and not the knowledge it works on. 
Ask yourself: ‘where is the learning’ in e-learning? On top of that, a lot of learning does not 
come from knowledge resources at all, but stems from the activities of learners solving 
problems, interacting with real devices, interacting in their social and work situation. A lot of 
research about learning processes provides evidence for this stance that learning doesn’t 
come from the provision of knowledge solely, but that it is the activities of the learners into 
the learning environment which are accountable for the learning.
This is not to say that knowledge objects are not of importance in learning situations, but I 
say that they are not the key thing in effective learning processes.
In this article I will address the topic of the pedagogical design of learning experiences. 
Learning experiences are offered mostly in chunks, like courses. These chunks (in the next 
paragraph we abstract them to the concept of ‘units of study’) are the major delivery units 
for e-learning. From a design perspective, the course is the aggregate containing all the 
necessary features to make learning successful. It is at this level that educational modelling 
(or instructional design/learning design) takes place; it is at this level that the pedagogical 
models are implemented; it is this level of aggregation that is accountable for the quality of 
learning.
I will specifically address the analysis of pedagogical models we did in order to provide a 
meta-model from which we could build a notation for units of study. 
2. Learning design is modeling ‘units of study’
In 1998, we started a research project aimed at building a semantic notation for complete 
units of study to be used in e-learning. The concept of ‘unit of study’ is central to this case. 
It is the smallest unit providing learning events for learners, satisfying one or more 
interrelated learning objectives. This means that a unit of study can not be broken down to 
its component parts without loosing its semantic and pragmatic meaning and its 
effectiveness towards the attainment of learning objectives. The unit of study could be 
considered as a gestalt. In practice you see units of study in all types, sorts and sizes: a 
course; a study program; a workshop; a practical; a lesson could all be considered to be a 
unit of study.
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A unit of study could be delivered through what is called: 
- online learning (completely through the web).
- blended learning (mix of online and face-to-face)
- hybrid learning (mix of different media: paper, web, e-books, etc.).
We called the notation of units of study an “Educational Modelling Language1”.
Note that our work is twofold:
1. Pragmatic from a user point of view: we think that a complete, integrated framework for 
the notation of units of study is a necessity for providers of education and training (just 
as we are, ourselves).
2. Academic in the sense that we want to search for notations which meet the 
requirements.
3. The learning objects model
In practice, as well as in the literature, the concept of ‘learning objects’ is heavily used but 
not strictly defined. The IEEE LTSC (2000) has a made a proposal for a standard definition 
which is extraordinarily broad. A learning object is any entity, digital or non-digital, that can 
be used, re-used, or referenced during technology-supported learning. More restricted 
examples of definitions – which are all within the scope of the IEEE LTSC definition – are 
also found in literature (Wiley, 2000). Examples of learning objects are: printed materials, 
study tasks, exercises, study texts, cases, media assets, courses, study programmes and 
also persons. A fundamental idea is that a learning object can stand on its own and may be 
re-used. In practice this means that learning objects are mostly smaller objects – smaller 
than courses - which can be re-used in different courses. One of the underlying ideas is that 
courses in themselves can hardly be made re-usable, because of all sorts of local factors 
(see e.g. Downes, 2000). Only some institutions are really successful in course exchange, 
but most institutes share learning objects such as text books or geographical maps.
 
Learning Object 
Learning Object 
Metadata 
Content (optional) 
Method (optional) 
refers to 
Figure 1. A common view of learning objects and its metadata.
1 The terms: instructional design, learning design and educational modeling are used 
interchangeble. Terms in the XML vocabulary of EML are in UK English. 
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There are several ways of viewing learning objects. The most common, but often implicit, 
idea is that of figure 1. This view is in conformance with the IEEE definition.
Learning objects are entities that may be referred to with metadata. The metadata itself are 
separate from the object it refers to. The metadata, and sometimes the learning objects 
itself, may be stored in databases. The metadata specification is described in the IEEE LOM 
(draft) standard specification. IMS provides a binding in XML. 
In principle learning objects have content (attributes and other learning objects) and 
descriptions of the behaviour of the learning object (operations). It is clear that the idea of a 
learning object model conforms to the principles of objects in the theories of object-
orientation. This also implies that principles of encapsulation, abstraction and inheritance 
may be present. Content packaging specifications organize and transfer series of learning 
objects.
The major question from a perspective of use in real educational practice is: does this model 
of learning objects and packages provide us sufficient means to build complete, flexible and 
valid units of study to be delivered through learning management systems? 
The answer is clearly ‘no’. From an educational perspective it is not enough to have learning 
objects and metadata as such. Different types of learning objects have different functions in 
the context of real education. A study task and a study text have both a different function in 
a unit of study. This is also true for tests and (e.g.) communication facilities. Also, there are 
different constraints in the relations between different types of learning objects. A study 
task (a type of learning object), for example, almost always refers to resources (other types 
of learning objects) needed to perform the task. So there is a structural relationship 
between tasks and resources within the context of a unit of study.
In our analysis, the major problem with the learning objects model as it is applied until now, 
is that learning objects are not typed to their usage in the context of a unit of study. To put 
it in another way; there is a lack of a containing framework. The learning object model 
expresses a common overall structure of objects within the context of a unit of study, but 
does not provide a model to express the semantic relationship between the different types 
of objects in the context of use in an educational setting. As a result, the learning object 
model also fails to provide for a model of the structure of the content of the different 
objects. The typing of objects also varies according to different pedagogical stances, so 
there is a need for a meta-model to describe the relationships. The basic idea, we have 
elaborated, is to:
1. classify, or type, the learning objects in a semantic network, derived from a pedagogical 
meta-model, 
2. build a containing framework expressing the relationships between the typed learning 
objects and
3. define the structure for the content and behaviour of the different types of learning 
objects.
This approach has a lot of advantages, such as the following:
• It supports developers in building valid and high quality units of study, using and re-
using smaller components;
• It supports builders of authoring and delivery tools by providing a common framework 
for valid units of study;
• Learners and teachers can identify and search learning objects, knowing their function 
within the framework of the course;
• It provides a semantic expression for the content of learning objects, supporting re-use, 
interoperability and assembly of the components of units of study into different units of 
study.
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4. Requirements for units of study as a result of learning design
Actors in the learning process, dealing with units of study are:
• Learners
• Staff
• Developers of units of study, or the components it refers to like study materials
Besides these direct users of the system there are lots of other different actors in e-learning, 
specifically all types of managers (system managers, HRM managers, etc.), vendors and 
publishers.
Also the different roles mentioned can be spit down further to a lot of sub-roles. The role 
developer may (e.g.) be split by: author, interaction designer, graphical designer, etc.
In our use case analysis of the actor requirements (including the once not mentioned here), 
they all want four different types of outcomes from e-learning. They want more 
effectiveness, more efficiency, more attractiveness and higher accessibility. All stakeholders 
fill these aspects from their own perspective. A learner wants more effective, efficient, 
attractive and accessible learning; a tutor wants to tutor in a more effective, efficient, 
attractive and accessible way, and so forth. The translation in general categories of 
requirements are as follows:
An Educational Modelling Language, which describes a unit of study, must meet the 
following general requirements:
1. The notational system must describe units of study in a formal way, so that automatic 
processing is possible (formalisation). 
2. The notational system must be able to describe units of study that are based on different 
theories and models of learning and instruction (pedagogical flexibility).
3. The notational system must explicitly express the semantic meaning of the different 
learning objects within the context of a unit of study. It must provide for a semantic 
structure of the content or functionality of the typed learning objects within a unit of 
study, alongside a reference possibility (explicitly typed learning objects).
4. The notational system must be able to fully describe a unit of study, including all the 
typed learning objects, the relationship between the objects and the activities and the 
workflow of all students and staff members with the learning objects (completeness). 
And regardless of whether these aspects are represented digital or non-digital.
5. The notational system must describe the units of study so that repeated execution is 
possible (reproducibility). 
6. The notational system must be able to describe personalization aspects within units of 
study, so that the content and activities within units of study can be adapted based on 
the preferences, prior knowledge, educational needs and situational circumstances of 
users. In addition, control must be able to be given, as desired, to the student, a staff 
member, the computer or the designer (personalization).
7. The notation of content components, where possible, must be medium neutral, so that it 
can be used in different publication formats, like the web, paper, e-books, mobile, etc. 
(medium neutrality).
8. When possible, a ‘wall’ should be placed between the standards that are used for 
notating units of study and the technique used to interpret the notation of the units of 
study. Through this, investments in educational development will become resistant to 
technical changes and conversion problems (interoperability and sustainability).
9. The notational system must fit in with available standards and specifications 
(compatibility).
10.The notational system must make it possible to identify, isolate, decontextualize and 
exchange useful learning objects, and to re-use these in other contexts (reusability).
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11.The notational system must make it possible to produce, mutate, preserve, distribute 
and archive units of study and all of its containing learning objects (life cycle).
5. Architectural reference model
Besides pedagogical perspectives there are other perspectives that are of importance when 
designing an educational modeling language. Especially the architectural reference model, 
which provides a conceptual view on the position of the EML within an e-learning 
architecture. Figure 2 provides a summarized view of the architectural reference model we 
used.
Figure 2. The architectural reference model.
Developers work with the development environment. The development environment may 
consist of design tools, authoring tools and a content management system.
Learners and staff work with one or more delivery platforms (LMS, paper, CD’s, e-books, 
etc.). 
The publisher (or ‘player’ as we sometimes call it) is in essence the converter of EML code to 
the code which could be used in the delivery platform. It must be able to do two things:
Dynamic publishing: Interpret the EML code, to make instances for every person bound to a 
role in a dynamic way (dependent on the personal dossier and the state of the processes 
within the unit of study). The format to which the EML code is converted is dependent on 
the interactive delivery platform (e.g. XHTML and javascript).
Static publishing: Make a static interpretation (mostly of parts of the unit of study) for every 
person bound to a role in the unit of study. This is meant for delivery through static (non-
interactive) media like print, LMSs or e-books which can only deal with static HTML content. 
It enables off line work in general. This content can not be personalized by the user on-the-
fly but is pre-published.
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